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I WITH RETRACTABLE WINGS* 

By Willard G. Smith 

SUMMARY 

An experimental invest igat ion w a s  conducted t o  study the aerodynamic 
cha rac t e r i s t i c s  of a winged re-entry vehicle,  with emphasis on the  l i f t  
capab i l i t i e s  and l i f t -drag  r a t i o s  necessary f o r  a gl ide landing. A 
blunted half-cone body was f i t t e d  with wings of t r i angu la r  plan form 
which were shaped t o  match the  body contours when re t rac ted .  S t a t i c  
longi tudinal  and l a t e r a l  charac te r i s t ics  were measured at Mach numbers 
of 0.25, 0.90, and 2.20 and angles of a t tack  of from -8' t o  22' and 
s i d e s l i p  angles of from -6' t o  16O. 

Analysis indicated that the model with wings developed from the  
body had a s u f f i c i e n t l y  large l i f t - d r a g  r a t i o  t o  perform a safe  g l ide  
landing. 

D'KCRODUCTION 

The problem of landing a vehicle capable of entry in to  the  ear th ' s  
atmosphere is v i t a l l y  i m p r t a n t  f o r  manned space f l i g h t -  This problem 
is  made d i f f i c u l t  by the  tremendous speed range from o r b i t a l  veloci ty  t o  
a s o f t  landing. Also, ce r t a in  l imi ta t ions  imposed on the  shape and s i ze  
of the  vehicle  by the  launch and-high heating phases of the  f l i g h t  
c m o t  be compromised. The vehicle,  when mounted on the  booster with 
appropriate f a i r ings ,  should be nearly symmetrical t o  minimize aerody- 
namic moments, and should have the  center of gravi ty  near the  t h r u s t  
l i n e *  Further,  the  l a t e r a l  area should be small t o  minimize the  aerody- 
namic des tab i l iz ing  e f f ec t  of the  vehicle on the  booster. 
namic heating encountered on entry requires that the  vehicle have a 
blunt nose and no sharp corners or protuberances. 

q i t l e ,  Unclassified 

The aerody- 
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Currently, three methods of vehicle recovery, or  combinations of 
these methods, are  being considered: 

1. Terminal descent by parachute. 
2. T e r m i n a l  deceleration by retrorocket .  
3. Controlled gl ide landing. 

Of the  three methods, the  gl ide landing is  the best  f o r  control l ing 
impact point and avoiding l o c a l  landing hazards. 
landing type w i l l  be the  subject of t h i s  paper. 

A vehicle of the gl ide-  

One solut ion t o  the  problem of glide-landing a re-entry vehicle,  
compatible with the  r e s t r i c t i o n s  mentioned previously, would be t o  use 
auxi l ia ry  aerodynamic l i f t ing  sljrfaces which would be re t rac ted  during 
the  c r i t i c a l  high-speed par t  of the atmosphere entry.  
of simple geometric shape could then be used f o r  the  basic  vehicle.  If 
the  wings were re t rac ted ,  stagnation-point heating on the wings could be 
avoided and thermal contact between w i n g  and body would permit the  wing 
s t ruc ture  t o  be cooled by conduction. 
i s t i c s  of a re-entry vehicle,  many fac tors  such as r e l i a b i l i t y  and 
weight penalty must be considered. 
however, l imited t o  a study of the  aerodynamic cha rac t e r i s t i c s  of a 
re-entry vehicle  with re t rac tab le  wings. 

A compact body 

To evaluate the landing character-  

The scope of t he  present work is ,  

A blunted l3O half-cone designed t o  have hypersonic manuevering 
capab i l i t i e s  and t o  s t a y  within the  heating-rate l imi ta t ions  of current 
materials ( r e f .  1) was chosen f o r  the  basic  vehicle shape. 
seemed wel l  su i ted  f o r  t h i s  study since wings of ra ther  large area 
could be evolved f romthe  conical  par t  of the body. 
t he  wings could be placed at the  s ide edges of t he  f l a t  body top, out of 
the  region of highest  l o c a l  heating ra tes .  
associated with t h i s  concept, such as interrupt ing the  heat sh ie ld  t o  
extend the  w i n g s ,  but they appear t o  be within the  scope of fu ture  
technology. 

This shape 

Hinges f o r  extending 

There a re  a number of problems 

Although t h i s  paper i s  primarily concerned with landing character-  
i s t i c s ,  da ta  were obtained at Mach numbers of 0.90 and 2.20 as wel l  as 
0.25. 
subsequent t o  the high heating phese of the  atmosphere entry,  but at 
high a l t i t ude ,  t o  increase the gl ide distance and the  time in the  
terminal  gl ide 

These higher speeds are  of i n t e r e s t  since the  wings may be extended 

NOTATION 

The aerodynamic coef f ic ien ts  presented in t h i s  report  are referenced 
t o  the  s t a b i l i t y  axes system except the  l i f t  and drag which, of course, 
a re  referenced t o  the  wind axes system. 
was 48 percent of t he  body length measured from the  nose ( f i g  . 1) . 
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w i n g  span, f t  

drag drag coef f ic ien t ,  - 
ss 

l i f t  l i f t  coef f ic ien t ,  - 
ss 

rolling moment 
sa 

rolling-moment coef f ic ien t  , 
pitching moment pitching-moment coef f ic ien t  , 

ss 2 

yawbg moment 
sSb 

yawing-moment coeff ic ient  , 

side force 
cls 

side -f orce coef f ic ien t  , 

a l t i t ude ,  f t  

body length, f t  

Mach number 

dynamic pressure, lb/sq f t  

reference area (projected area of wing and body), sq ft 

veloci ty ,  knots 

angle of a t t ack  measured from body cone axis, deg 

s i d e s l i p  angle, deg 

The experimental invest igat ion was conducted i n  the  Ames 6- by 6- 
Foot Supersonic Wind Tunnel. This is  a closed-return, continuous- 
operation wind tunnel  in which both the  Mach number and Reynolds number 
a re  var iable .  
tunnel  which permitted the  model a t t i t u d e  t o  be varied during tunnel  
operation. 
and s ides l ip .  

The model was mounted on a s t i n g  support system in the  

A bent s t i n g  was used t o  obtain combbed angles of a t t ack  

3 



The en t i r e  t e s t  was performed at  a constant Reynolds number of 2.0 
mil l ion per foot .  
and 2.20 at  angles of a t tack  from -So t o  22' and also a t  s i d e s l i p  angles 
from -6O t o  16O w i t h  t h e  angle of a t tack  held constant a t  loo. 

Data were obtained a t  Mach numbers of 0.25, 0.90, 

!The aerodynamic forces and moments were measured with a six- 
component strain-gage balance mounted in the  model. 
a t tack  w a s  measured by a gravity-actuated e l e c t r i c a l  transducer . 
Elec t r i ca l  outputs of t h e  balance and model a t t i t ude  transducer were 
automatically recorded and then converted t o  standard XASA coeff ic ients  
by means of an electronic  d i g i t a l  computer. 

The model angle of 

The models used in the  investigations were bas ica l ly  blunted half- 
cone bodies w i t h  t r iangular  plan-form w i n g s  which were developed from 
the  body contours ( f ig s  . 1 and 2 )  . 
intersect ions of t he  conical portion of t he  body and the  f l a t  top. 
The leading edges of t he  wing intersected the body just aft of the blunt 
nose. 
surface with the  wing t i p s  meeting a t  the  plane of symmetry. 

The wing panels hinged about t he  

m e n  retracted,  the  wings l ay  close against  the  lower body 

The body of Mde1 I was a portion of a r igh t -c i rcu lar  cone of 13O 
half  angle. 
and, of course, highly cambered and twisted.  
referred t o  as the  conical  wing. 
plan form were investigated f o r  comparison with the  conical  wings. 
f i g .  1 f o r  model dimensions . ) 

Wing panels on this model were then truly conic surfaces 
The w i n g  of this model i s  

F la t  w i n g s  of i den t i ca l  projected 
(See 

Model I1 ( f i g .  l ( b ) )  was s imilar  t o  the  f i rs t  model except t he  
wing w a s  e s sen t i a l ly  f l a t  from the  hinge l i n e  t o  the  0.80 semispan ray. 
The wing w a s  s l i g h t l y  twisted with 20 percent of the  l o c a l  span deflected 
down t o  the  o r ig ina l  conic surface; and the  juncture of the  f l a t  and 
conic surface w a s  rounded. This wing i s  referred t o  herein as the  
cambered wing. 
t he  cambered wing. 
a base area approximately 12 percent l e s s  than t h a t  of Model I. 

The body s ides  were cut down t o  match the  contours of 
As a re su l t ,  t he  body w a s  somewhat slab-sided w i t h  

The wings used in the  invest igat ion were formed from f l a t  stock 
and had half-round leading edges and square trailing edges. 
t he  preliminary nature of this investigation, t he  wings were attached 
t o  the  upper surface of t he  body w i t h  no attempt t o  simulate hinges o r  
body recesses f o r  w i n g  re t rac t ion .  The body w i t h  w i n g s  removed repre- 
sented the  vehicle w i t h  wings retracted.  

Because of 
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RESULTS AND DISCUSSION 

The r e s u l t s  of t h i s  invest igat ion show the  longi tudinal  and l a t e r a l  
aerodynamic charac te r i s t ics  of t he  blunted half-cone body with and 
without wings. 
t w i s t  were t e s t ed  as wel l  as a f l a t  wing which provided a bas is  for 
evaluating the  performance of t he  cambered wings. 
general  since the  models do not represent spec i f ic  vehicle designs. 
Longitudinal and l a t e r a l  aerodynamic charac te r i s t ics  of the  basic  ha l f -  
cone body at Mach numbers of from 3 t o  5 are  presented in reference 1. 

Two wing shapes with d i f fe ren t  amounts of camber and 

The discussion is  

Comparison of %he aerodynamic charac te r i s t ics  of Model I with the  
conical wing and with the  f l a t  wing ( f i g .  3 )  shows the  l i f t  effectiveness 
of t he  conical  wing t o  be equal t o  that of t he  f l a t  wing. Also, the  
model with the  conical  wing did not exhibi t  t he  pitch-up tendency shown 
with the  f l a t  wing a t  a Mach number of 0025.  The conical wing model 
had a r a the r  large posi t ive pitching-moment coeff ic ient  a t  zero l i f t  
which resu l ted  i n  longi tudinal  trim at  higher l i f t  coeff ic ients  than 
f o r  t he  flat-wing modelo However, a serious drawback w a s  the  large drag 
penalty a t  low t o  moderate l i f t  coeff ic ients  due t o  the  excessive 
camber of t he  conical  wing. A t  t he  highest l i f t  coeff ic ient  at subsonic 
speeds ( f i g .  3 ) ,  t he  benef ic ia l  e f f ec t s  of camber become evident by the  
l e s s e r  drag coef f ic ien t  for the  cambered wing model compared t o  the  f l a t  
wing model. A fu r the r  comparison of the  f l a t  and cambered wings is  shown 
i n  the  p lo t  of l i f t - d r a g  r a t i o  versus l i f t  coeff ic ient  ( f i g .  4 ) .  
drag penalty a t  moderate l i f t  coeff ic ients  resul ted in  a lower l i f t -d rag  
r a t i o  f o r  t he  conical-wing model than f o r  the  flat-wing model although 
t h i s  decrement decreased with fur ther  increase in l i f t  coeff ic ient  . 
These r e s u l t s  indicate  the need f o r  a modification t o  the  w i n g  shape t o  
reduce the  adverse e f f ec t s  of camber. 

The 

The reduction of wing camber and the  body modification of Model I1 
provided a s igni f icant  drag reduction without affect ing the  cha rac t e r i s t i c  
of posi t ive pitching moment a t  zero l i f t  o r  the  l i nea r  var ia t ion  of 
pitching-moment coef f ic ien t  with l i f t  coeff ic ient .  
drag r a t i o s  obtained with Model I1 with the  cambered wing ( f i g .  4 )  were 
equal t o  those of M d e l  1 with the  f l a t  wing except a t  a Mach number of 
2.2 where Model I1 equaled or exceeded the  flat-wing value only above a 
l i f t  coeff ic ient  of 0.6. 
wing contours resul ted in only s m a l l  aerodynamic changes i n  the  speed 
range of t h i s  investigation. 
speed on the  aerodynamic charac te r i s t ics  and aerodynamic heating of the  
body are  unknown. 

The maximum l i f t -  

Changes in body shape t o  match the  revised 

The e f f ec t s  of these changes at hypersonic 

CONFIDENTIAL 
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The contribution of t he  aux i l i a ry  wings t o  the s t a t i c  l a t e r a l  and 
d i r ec t iona l  s t a b i l i t y  w a s  determined i n  these t e s t s  f o r  the model a t  a 
constant angle of a t t ack  of loo, which w a s  believed t o  be representative 
of t he  f l i g h t  regime under consideration. The var ia t ions  of ro l l i ng -  
moment, yawing-moment, and s ide-force coef f ic ien t  with s i d e s l i p  angle 
shown i n  f igure  5 a re  almost l i nea r  with t h e  exception of t he  yawing- 
moment va r i a t ion  f o r  Model I with the  conical wing. Model I w a s  found 
t o  have a ra ther  large pos i t ive  d ihedra l  e f f e c t  because of t he  high wing 
pos i t i on .  A negative geometric dihedral  angle w a s  used i n  Model I1 t o  
reduce t h i s  excessive roll s t a b i l i t y .  Addition of e i t h e r  the  conical 
wing o r  the cambered wing increased the  d i r e c t i o n a l  s t a b i l i t y  of t he  
model except at a Mach number of 0.25 where the  contribution of t he  
cambered wing of Model I1 w a s  negl ig ib le .  

Calculations were made t o  evaluate t h e  p o t e n t i a l  landing approach 
cha rac t e r i s t i c s  for Model 11. A power-off g l ide  landing approach technique 
is  described i n  reference 2 f o r  vehicles  capable only of low l i f t - d r a g  
r a t i o s .  This g l ide  approach technique cons is t s  of th ree  phases: (1) 
steady g l ide  at constant angle, ( 2 )  constant 
f l i g h t  path t o  touchdown. It was shown i n  reference 2 t h a t  experienced 
p i l o t s  could perform t h i s  approach with accuracy and consistency. 
p r o f i l e  of the  approach calculated from the  ex-perimental data f o r  Model 
I1 is  shown i n  f igu re  6 f o r  an assumed wing loading of 50 pounds per 
square foot  which w a s  determined from a conservative estimate of t he  
vehicle weight f o r  a 3-man, 14-day space mission. 
p r o f i l e  f o r  the  t e s t  a i rplane employed t o  check the approach technique of 
reference 2 is  a l so  shown i n  f igu re  6 .  

g pull-out, and ( 3 )  s t ra ighl  

The 

For comparison, the  

The landing p r o f i l e  of Model I1 ( f i g .  6 )  is similar t o  t h a t  of the 
t e s t  a i rplane d i f f e r ing  mainly i n  a lower speed throughout the  approach, 
a lower a l t i t u d e  f o r  i n i t i a t i o n  of the f l a r e ,  and a shor te r  length of the  
f i n a l  approach phase. The f i n a l  approach phase i s  of 11-seconds duration 
f o r  both vehic les .  I n  view of the  s i m i l a r i t y  of the  p ro f i l e s  and of t he  
successful f l i g h t s  of the  t e s t  a i rplane ( r e f .  2 ) ,  it appears t h a t  with 
the  same p i l o t i n g  techniques a vehicle  with the  configuration of Model 
I1 could be landed successfully a t  a se lec ted  po in t .  As an addi t iona l  
consideration, t he  maximum l i f t - d r a g  r a t i o  f o r  t he  t e s t  a i rplane and 
Model I1 w a s  2.8 and 3.2, respect ively;  reference 3 suggests a l i f t - d r a g  
r a t i o  of ‘2.5 as t h e  p r a c t i c a l  lower l i m i t  f o r  f l a r e d  landings. 

It should be noted t h a t  t he  wing loading of the  t e s t  a i rplane ( f i g .  6 
w a s  75 psf as contrasted t o  a wing loading of 50 psf f o r  Model 11. 
wing loading increased t o  75 psf the  g l ide  approach performed near max- 
imum l i f t - d r a g  r a t i o  by Model I1 would be somewhat f a s t e r  but s t i l l  
would be slower than t h a t  of t he  t e s t  a i rplane (because of t h e  higher 
l i f t  coef f ic ien t  f o r  maximum l i f t - d r a g  r a t i o  f o r  Model 11). Variations 
of i n i t i a l  g l ide  angle, f l a r e  i n i t i a t i o n  speed, and length of f i n a l  
approach f o r  both the  t e s t  a i rplane and Model I1 are  r e s t r i c t e d  because 
of t h e  low values of maximum l i f t - d r a g  r a t i o s .  The approach p r o f i l e s  f o r  

CONFIDENTIAL 

With 



......................... 
b oO..b b o  . m .  0 .  0 .  0 .  . . . . . . . . . . . . . . . .  . . . . .  . .... . . .  a .  0 .  ....................... .......... . . 0 .  . 0 .  

& a . e .  . 
COl" IDENTIAL 7 

Model I1 could be l imited by p i l o t  v i s i b i l i t y  and landing-gear consider- 
a t ions ( r e f .  4 ) ;  however, these considerations are beyond the  scope of 
the present paper.  

The model configuration t e s t ed  w a s  designed t o  achieve a maximum 
wing area with a wing evolved from the body contours, and the  center of 
grav i ty  w a s  chosen s o  t h a t  the s t a t i c  margin a t  landing speed would be 3 
percent of the  body length.  Fxperimental r e s u l t s  ( f i g .  3 )  show t h a t  a t  
a Mach number of 2.2 the  model with wings r e t r ac t ed  has a 14-percent 
s t a t i c  margin. Thus, it appears t h a t  the  present configuration would 
have a ser ious control  problem i f  the l i f t  and drag a re  t o  be var ied i n  
the  high speed (wings r e t r ac t ed )  phase of the  atmosphere en t ry .  
a vehicle of t h i s  type could be designed with a center-of-gravity 
locat ion which would r e s u l t  i n  s a t i s f ac to ry  longi tudinal  s t a b i l i t y  of 
the body a t  supersonic speeds and with a more rearward wing (reduced 
a r e a )  which would give equally sa t i s f ac to ry  s t a b i l i t y  a t  subsonic speeds 
with the  wings extended. 

However, 

CONCLUDING FG3MARKs 

An experimental invest igat ion has been conducted t o  study the  
s t a t i c  aerodynqmic charac te r i s t ics  of a winged re-entry vehicle a t  sub- 
sonic and supersonic speeds. The main objective of t h i s  invest igat ion 
w a s  t o  determine if  s a t i s f ac to ry  landing charac te r i s t ics  could be 
achieved by using r e t r ac t ab le  wings on a blunted half-cone body. 

Results of the invest igat ion showed t h a t  the wings evolved from the  
conical surface of the body developed l i f t  capab i l i t i e s  and pi tching-  
moment cha rac t e r i s t i c s  as good as those of a f l a t  wing of i den t i ca l  
plan form. The large drag penalty associated with the  excessive camber 
and t w i s t  of the  conical  wing w a s  subs tan t ia l ly  reduced by a simple 
configuration revis ion which reduced the  extent of the  camber and a l so  
reduced the base area a t  the  expense of reduced volume of the  body. 

The model with reduced camber had su f f i c i en t  l i f t  and l i f t -d rag  
r a t i o s  t o  perform a safe  g l ide  landing. 

Ames Research Center 
National Aeronautics and Space h i n i s t r a t  ion 

Moffett Field,  Calif ., Sept . 27, 1960 
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A-26310 

Conic a1 wing 

Fla t  wing 

(a) Model I. 

Figure 2.- Photographs of models. 
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A-26937 
Cambered w i n g  

Body alone 
(wings re t rac ted)  

(b) Model 11. 

Figure 2.- Concluded 
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(a) M = 0.25 

Figure 5.- Variation of rolling-moment, yawing-moment, and s ide-  
force  coef f ic ien t  with s i d e - s l i p  angle - 
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( c )  M = 2.20 

Figure 5.  - Concluded. 
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